(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 



iiii : ;iiiiiii:iiiiin ii'mmiiiiiiJiii nun 



(43) International Publication Date 
3 October 2002 (03.10.2002) 



(10) International Publication Number 

WO 02/077352 A2 



(51) 


International Patent Classification 7 : 


D06F 37/30 


(21) 


International Application Number: 


PCT/US02/09223 


(22) 


International Filing Date: 26 March 2002 [26.03.2002) 


(25) 


Filing Language: 


English 


(26) 


Publication Language: 


English 


(30) 


Priority Data: 





09/817,687 26 March 2001 (26.03.2001) US 

(71) Applicant: EMERSON ELECTRIC CO. [US/US]; 8000 
West Florissant Ave., St. Louis, MO 63136 (US). 

(72) Inventors: PEACHEE, C, Theodore; 12818 Branch- 
mont Court, St. Louis, MO 63146 (US). WILLIAMS, 

; Donald, J.; 441 Main Street, Pierron, IL 62273 (US). 

I RANDALL, Steven, P.; 40 St. Helen's Lane, Adel, Leeds 

s LSI 6 8BS (GB). 

! (74) Agents: BRENNAN, Michael, P. et al.; Harness, Dickey 

; & Pierce, PLC, P.O. Box 828, Bloomfield Hills, MI 48303 

; (us). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 

GM, HR, HU. ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



fT) (54) Title: WASHING MACHINE INCLUDING A SEGMENTED STATOR SWITCHED RELUCTANCE MOTOR 

gi (5V) Abstract: A washing machine includes a tub that is rotated by a switched reluctance motor. The tub includes an outer tub and 
>j an inner tub. The drive is a direct drive or a drive assembly that includes a shaft, a belt and a spinner pulley connected to the tub. 
S The switched reluctance motor includes a stator with a plurality of circumferentially-spaced stator segment assemblies. Winding 

wire is wound around a stator segment core of the stator segment assemblies. A rotor is connected to the shaft that drives the belt 
Q and rotates the spiner pulley. A drive circuit energizes the winding wire around the stator segment assemblies based on a rotational 
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WASHING MACHINE INCLUDING A SEGMENTED STATOR 
SWITCHED RELUCTANCE MOTOR 

FIELD OF THE INVENTION 
5 [0001] This invention relates to washing machines and, more particularly, to 

washing machines including switched reluctance motors. 

BACKGROUND OF THE INVENTION 
[0002] Consumers who purchase washing machines for laundering clothing 
10 have become more sophisticated. Consumers expect a washing machine to operate 
quietly and efficiently. The washing machine must be reliable and have little or no 
maintenance costs. The washing machine preferably has a high capacity to size 
ratio. In other words, consumers would like the ability to launder a large amount of 
clothing in a small amount of time without needing a large, commercial-sized washing 
15 machine. Consumers also expect the washing machine to be gentle on their 
clothing. 

[0003] Both vertical axis and horizontal axis washing machines are 
currently available in the marketplace. Vertical axis washing machines include a 
washing tub with an axis that is substantially vertical or at a slight angle with respect 

20 to vertical, in contrast, horizontal axis washing machines include a washing tub with 
an axis that is substantially horizontal or at a slight angle with respect to horizontal. 

[0004] Due to significant improvements in recent years, the demand for 
horizontal axis washing machines is on the rise. Horizontal axis washing machines 
typically utilize less power and a reduced amount of water and/or detergent than 

25 vertical axis washing machines. Therefore, the operating costs that are associated 
with horizontal axis washing machines are typically lower than with vertical axis 
washing machines. In addition, the more efficient tumbling action that is imparted to 
clothing in a horizontal axis washing machine generally provides improved stain 
removal and/or a shorter washing cycle that is more gentle on clothing. 

30 [0005] While there are significant structural differences between these two 

types of washing machines, both generally include a cabinet shell and a tub 
assembly. The tub assembly includes an outer tub that is suspended in the cabinet 
shell and an inner tub that is rotatably mounted within the outer tub. The inner tub 
typically includes fins that project radially inwardly from the annular side wall of the 

35 inner tub. The fins impart movement to the washing fluid and the articles of clothing 
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that are located in the inner tub. Annular side walls of the inner and outer tubs are 
concentric. A pivotable door that is secured to the cabinet shell provides access to 
the inner tub to load or unload laundry. In vertical washing machines, the pivotable 
door is typically located on the top side of the cabinet shell. In horizontal washing 
5 machines, the pivotable door is typically located on the front side of the cabinet shell. 

[0006] In operation, clothes are loaded into the inner tub. A mixture of 
water, detergent and/or other washing fluids is pumped into the inner tub. A motor 
rotates a drive assembly that, in turn, rotates the inner tub typically using a reciprocal 
or rotational movement. The reciprocal and/or rotational movement cleans the 
10 clothes. As can be appreciated, the motor of the washing machine has a significant 
impact on the capacity, reliability, efficiency operating noise and other operating 
characteristics of the washing machine. Improvements that are made to the motor 
will help manufacturers meet or exceed consumer demands for these product 
features. 

15 [0007] Reluctance motors have typically been used in washing machines. 

Reluctance motors produce torque as a result of the rotor tending to rotate to a 
position that maximizes the inductance of an energized winding of the stator. A drive 
circuit generates a set of stator winding currents that are output to the stator pole 
windings and that set up a magnetic field. In response to the magnetic field, the 

20 rotor also rotates in an attempt to minimize the reluctance of the magnetic circuit (and 
to maximize the inductance of the energized winding of the stator). In synchronous 
reluctance motors, the windings are energized at a controlled frequency. In switched 
reluctance motors, control circuitry and/or transducers are provided for detecting the 
angular position of the rotor. A drive circuit energizes the stator windings as a 

25 function of the sensed rotor position. The design and operation of switched 
reluctance motors is known in the art and is discussed in T.J.E. Miller, "Switched 
Reluctance Electric Motors and Their Control", Magna Physics publishing and 
Clarendon Press, Oxford, 1993, which is hereby incorporated by reference. 

[0008] in switched reluctance motors, there are two distinct approaches for 

30 detecting the angular rotor position. In a "sensed" approach, an external physical 
sensor senses the angular position of the rotor. For example, a rotor position 
tranducer (RPT) with a hall effect sensor or an optical sensor physically senses the 
angular position of the rotor. In a "sensorless" approach, electronics that are 
associated with the drive circuit derive the angular rotor position without an external 

35 physical sensor. Angular rotor position can be derived by measuring the back 
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electromotive force (EMF) or inductance in unenergized windings, by introducing 
diagnostic pulses into energized and/or unenergized windings and sensing the 
resulting electrical response, or by sensing other electrical parameters and deriving 
the angular position of the rotor. 
5 [0009] The stator of conventional switched reluctance motors generally 

includes a solid stator core or a laminated stator with a plurality of circular stator 
plates. The stator plates are punched from a magnetically conducting material and 
are stacked together. The solid core or the stack of stator plates define salient stator 
poles that project radially inward and inter-polar slots that are located between the 

10 adjacent stator poles. Winding wire is wound around the stator poles. Increasing the 
number of winding turns and the slot fill increases the torque density of the electric 
machine. The stator poles of switched reluctance motors typically have parallel sides 
that do not inherently hold the winding wire in position. Tangs on radially inner ends 
of the stator poles have been provided to help maintain the winding wire on the stator 

15 poles with some limited success. Tangs limit an area between radially inner ends of 
the stator poles, which may cause problems during the winding process. 

[0010] In switched reluctance motors using the "sensed" approach, a rotor 
position transducer ("RPT") is used to detect the angular position of the rotor with 
respect to the stator. The RPT provides an angular position signal to the drive circuit 

20 that energizes the windings of the switched reluctance motor. The RPT typically 
includes a sensor board with one or more sensors and a shutter that is coupled to 
and rotates with the shaft of the rotor. The shutter includes a plurality of shutter teeth 
that pass through optical sensors as the rotor rotates. 

[0011] Because rotor position information is critical to proper operation of a 

25 switched reluctance motor, sophisticated alignment techniques are used to ensure 
that the sensor board of the RPT is properly positioned with respect to the housing 
and the stator. Misalignment of the sensor board is known to degrade the 
performance of the electric motor. Unfortunately, utilization of these complex 
alignment techniques increases the manufacturing costs for switched reluctance 

30 motors equipped with RPTs. 

[0012] The RPTs also increase the overall size of the switched reluctance 
motor, which can adversely impact motor and product packaging requirements. The 
costs of the RPTs often place switched reluctance motors at a competitive 
disadvantage in applications that are suitable for open-loop induction electric motors 

35 that do not require RPTs. 
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[0013] Another drawback with RPTs involves field servicing of the switched 
reluctance motors. Specifically, wear elements, such as the bearings, located within 
the enclosed rotor housing may need to be repaired or replaced. To reach the wear 
elements, an end shield must be removed from the housing. Because alignment of 
5 the sensor board is critical, replacement of the end shield often requires the use of 
complex realignment techniques. When the service technician improperly performs 
the alignment techniques, the motor's performance is adversely impacted. 

[0014] In an effort to eliminate the RPTs and to reduce manufacturing costs 
and misalignment problems, the "sensorless" approach for sensing rotor position is 
10 used. The various methods of performing the "sensorless" approach have 
drawbacks that are attributable, in part, to variations in the inductance and resistance 
of the stator windings due to assembly and tolerance variations. 

[0015] Washing machines incorporating switched reluctance motors can be 
improved in several important areas. Specifically, it is desirable to improve the torque 
15 density of switched reluctance motors that are used in washing machines. By 
increasing the torque density of the motor, the size of the motor can be reduced for a 
given torque density and/or the size can be maintained with an increase in torque 
density. As a result, the size of the inner and outer tubs can be increased for a given 
application and/or the size of the washing machine can be reduced for a given capacity. 
20 [0016] It is also desirable to eliminate the need for RPTs in switched 

reluctance motors that are used in washing machines. It is also desirable to assemble 
the stator of a switched reluctance motor in a highly uniform and repeatable manner to 
improve the performance of sensorless switched reluctance motors by reducing 
variations in the inductance and resistance of the stator. As a result, the "sensorless" 
25 methods of sensing rotor position will be improved. 1 

SUMMARY OF THE INVENTION 
[0017] A washing machine according to the invention includes a tub that is 
rotated by a switched reluctance motor. The switched reluctance motor includes a 
30 shaft that rotates the tub. The switched reluctance motor includes a stator with a 
plurality of circumferentially-spaced stator segment assemblies each with a stator 
segment core. Winding wire is wound around the stator segment core. A rotor is 
connected to the shaft and defines a plurality of rotor poles. The rotor tends to rotate 
relative to the stator to maximize the inductance of an energized winding. A drive 
35 circuit energizes the winding wire around the stator segment assemblies based on a 
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rotational position of the rotor. 

[0018] In other features of the invention, the switched reluctance motor 
directly drives the tub. The rotor is connected to a shaft that is connected to the tub. 
Alternately, the switched reluctance motor is connected to a drive assembly that 
includes a spinner pulley that is connected to the tub. The spinner pulley is rotated 
by a belt that is driven by the shaft that is connected to the rotor. The tub assembly 
includes an outer tub and an inner tub that is mounted for rotation concentrically in 
the outer tub. 

[0019] According to other features of the invention, each stator plate has an 
outer rim section and a tooth-shaped pole section. The end cap assembly includes a 
pair of end caps that are secured to opposite ends of the stator segment core and a pair 
of retainer sections interconnecting the end caps on opposite sides of the stator 
segment core. The end cap assembly defines an annular retention channel within 
which the winding wire is wound. The retention channel facilitates improved precision in 
the winding process and tends to reduce winding creep during use. 

[0020] The washing machine according to the present invention includes the 
switched reluctance motor with improved torque density. The torque output of the 
switched reluctance motor can be increased for increased washing capacity. 
5 Alternatively the motor dimensions can be reduced for a given washing capacity to 
reduce the weight and the dimensions of the washing machine. In addition, the stator 
segment assemblies can be manufactured with greater uniformity and with lower 
variations in inductance and resistance. As a result, sensorless rotor position sensing 
techniques can be employed more readily, which dramatically lowers the manufacturing 
10 costs of the switched reluctance motor and improves the reliability of the motor in the 
field. 

[0021] Other objects, features and advantages will be apparent from the 
specification, the claims and the drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a front view of a washing machine; 

[0023] FIG. 2 is an assembly view of a tub assembly of the washing machine 
of FIG. 1; 

[0024] FIG. 3 is a rear view of the washing machine that illustrates a drive 

20 assembly, an outer tub and a switched reluctance motor according to the present 
invention; 
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[0025] FIG. 4 illustrates a segmented stator and rotor for a switched 
reluctance motor; 

[0026] FIG . 5A illustrates a stator plate; 

[0027] FIG. 5B identifies tooth width, projection width and stator pole arc on 
the stator plate of FIG. 5A; 

[0028] FIG. 6 is a perspective view of an end cap assembly; 

[0029] FIG. 7 is a perspective view of a stator segment assembly associated 
with the stator; 

[0030] FIG. 8 illustrates a switched reluctance drive circuit and a circuit board 
for connecting the drive circuit to terminals of the stator segment assemblies; 

[0031 ] FIG . 9A shows the stator segment assembly with its wire windings and 
insulation removed to better illustrate a stack of stator plates and the end cap assembly; 

[0032] FIG. 9B is a plan view of the end cap assembly shown In FIG. 9A; 

[0033] FIG. 9C is an end view of the end cap assembly shown in FIG. 9B; 

[0034] FIG. 10A is similar to FIG. 9A except that an alternate end cap 
assembly is shown; 

[0035] FIG. 1 0B shows a plan view of the alternate end cap assembly of FIG. 
10A; and 

[0036] FIG. 10C illustrates an end view of the alternate end cap assembly 
shown in FIG. 1 0B. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0037] The following detailed description provides preferred exemplary 
embodiments only and is not intended to limit the scope, applicability or configuration 
of the present invention. Rather, the detailed description of the preferred exemplary 
25 embodiments will provide those skilled in the art with an enabling description for 
implementing the preferred exemplary embodiments of the present invention. It will be 
understood that various changes may be made in the function and arrangement of the 
elements without departing from the spirit and scope of the' invention as set forth in the 
appended claims. 

30 [0038] A washing machine according to the present invention includes a 

novel switched reluctance motor with a segmented stator. The washing machine can 
be a vertical axis washing machine, a horizontal axis washing machine or any other 
suitable axis configuration. The washing machine with the switched reluctance motor 
can be packaged in a smaller size for a given torque output and/or packaged with the 
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same size with increase torque output. The efficiency of the washing machine can be 
improved through an increased inner and outer tub size that can handle additional 
articles of clothing. Alternately, the size of the washing machine can be reduced for a 
given capacity. The novel segmented stator switched reluctance motor can also be 
5 implemented using sensorless rotor position techniques while remaining cost 
competitive with other types of motors 

[0039] With initial reference to FIGs. 1 and 2, an exemplary horizontal axis 
washing machine is generally indicated at 10. While a horizontal axis washing 
machine with a belt drive is illustrated, skilled artisans can appreciate that the present 

10 invention has application in vertical axis washing machines and any other axis 
configurations and with direct drive or other drive systems. The washing machine 10 
is front loaded with clothing that is to be laundered through a tumble-type washing 
operation. The washing machine 10 incorporates an outer cabinet shell 12 that 
includes a front door 14 that extends across an access opening 16. The front door 

15 14 can be selectively pivoted to provide access to a tub assembly that includes an 
inner tub 18. 

[0040] The inner tub 18 includes a plurality of holes 20 and a plurality of 
radially inwardly projecting fins 19 that are fixedly secured to the inner tub 18. The 
inner tub 18 is mounted for rotation inside an outer tub 22 that is also part of the tub 
20 assembly. The outer tub 22 is supported through a suspension mechanism (not 
shown in FIGs. 1 and 2) within the outer cabinet shell 12. The inner tub 18 is 
mounted within the outer cabinet shell 12 and the outer tub 22 for rotation about a 
generally horizontal axis. The rotational axis is angled slightly with respect to 
horizontal. 

25 [0041] Although not shown in FIGs. 1 and 2, a motor is mounted within the 

outer cabinet shell 12 and rotates the inner tub 18 inside the stationary outer tub 22. 
The motor is a variable speed, reversible switched reluctance motor. The inner tub 
1 8 is rotated during both wash and rinse cycles such that the articles of clothing 
placed therein tumble through water, detergent, and/or other washing fluids that are 

30 supplied to the inner tub 18. Because the inner tub 18 includes the holes 15, the 
washing fluid flows between the inner tub 18 and the outer tub 22. A pumping system 
(not shown) is provided to control the availability of washing fluid within the washing 
machine 1 0. 

[0042] The washing machine 1 0 is also shown to include an upper cover 42 
35 that provides access for adding detergent, softeners and other washing machine 
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related fluids. In addition, an upper control panel 45, including various selector 
buttons 48-51 and a control knob 54, allows a user to set a desired washing 
operation. 

[0043] In order to allow the inner tub 1 8 to freely rotate within the outer tub 
5 22 during a the washing operation, the inner tub 18 is spaced concentrically within 
the outer tub 22 in a manner that will be detailed more fully below. The spaced 
relationship establishes an annular gap between the inner tub 18 and the outer tub 
22. 

[0044] The inner tub 18 has an annular side wall 61 that is formed with 

10 various circumferentially spaced forward slots 63 and rear slots 65. The slots 63 and 
65 and the holes 20 permit washing fluid to flow into the inner tub 18 during a 
washing operation. The radially projecting fins 19 are secured over some of the slots 
63 and 65. The radially projecting fins 19 include openings for permitting the 
washing fluid to be injected into the inner tub 18. The inner tub 18 also includes an 

15 open front rim 71 that is connected to a balance ring 75. 

[0045] The inner tub 18 also includes a rear wall 77 that is secured to a 
spinner support 79. The spinner support 79 includes a plurality of radially extending 
arms 81, 82 and 83 that are secured to rear wall 77 by screws 84 or other 
conventional fastening techniques. The spinner support 79 and an annular lip seal 

20 88 are connected to a driveshaft 85. A first bearing unit 91 is press-fit onto the 
driveshaft 85. A bearing spacer 93 is also inserted over the driveshaft 85. 

[0046] The outer tub 22 includes one or more fluid inlet ports 94 and 95 that 
are preferably located on an upper portion thereof. One or more fluid drain ports 96 
are preferably located on a lower portion of the outer tub 22. The fluid inlet and drain 

25 ports 94, 95 and 96 are used to control the level of fluid within the tub assembly. 
Balance weight mounting platforms 97 and 98, mounting surface 99 and a mounting 
boss 100 are utilized in mounting the outer tub 22 in a suspended fashion. A spinner 
pulley 102 provides an arcuate outer surface that engages a belt that is driven by the 
switched reluctance motor. The spinner pulley 1 02 is fixed for rotation with the inner 

30 tub 18. A second bearing unit 104 rotatabiy mounts the spinner pulley 102 to the 
outer tub 22. 

[0047] Referring now to FIG. 3, one or more shock absorbers 103 are 
attached to the outer tub 22. A piston of the shock absorber 103 is attached to the 
mounting boss 100. A belt drive assembly 104 includes a belt 108, a switched 
35 reluctance motor 109, a shaft 110, and the spinner pulley 102. The belt 108 is wound 
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around a radially outer circumference of the spinner pulley 102. The switched 
reluctance motor 109 includes the shaft 110 that rotates the belt 108. The switched 
reluctance motor 109 is mounted on a lower portion of the outer tub 22 using fasteners 
and a mounting surface that are both generally identified at 111. While the drive 
5 assembly shown in FIG's. 2 and 3 is a belt drive system, direct drive systems can also 
be employed. In such systems, the rotor is connected to a shaft that is connected to 
the tub assembly. Examples of direct drive systems are shown in U.S. Patent 
5,720,065 to Myers et al., 5,325,677 to Payne et al., and 4,819,460 to Obradovic, 
which are hereby incorporated by reference. Other conventional drive systems may 

10 also be employed, 

[0048] Referring now to FIGs. 4-10, the switched reluctance motor 109 is 
shown to include a housing 1 12, a segmented stator 114 mounted in the housing 112, 
and a rotor 116 that is supported for rotation relative to the segmented stator 114. In 
accordance with the present invention, the segmented stator 114 includes a plurality of 

15 stator segment assemblies 118 that can be individually assembled and subsequently 
combined with other stator segment assemblies to provide the segmented stator 114. 
As will be detailed, each stator segment assembly 1 1 8 includes a stator segment core 
120, an end cap assembly 122 attached to the stator segment core 120, and winding 
wire 124 that is wound around the stator segment core 120 and the end cap assembly 

20 122. 

[0049] Referring primarily to FIGs. 4-7, the stator segment core 120 includes 
a solid core and/or a stack of individual stator plates 126. Each stator plate 126 
includes an arcuate outer rim section 128 and a tooth-shaped pole section 130. An 
outer edge surface 132 of the outer rim section 128 is shaped for mounting to an inner 

25 wall surface 134 of the housing 112. Each outer rim section 128 has a tongue 
projection 136 formed on one edge surface 138 and a groove 140 on its opposite edge 
surface 142. This tongue and groove arrangement helps align the stator segment 
assemblies during manufacturing. The tongue and groove arrangement can be 
omitted since the press fit operation generally provides sufficient alignment. Each pole 

30 section 130 of the stator plates 126 has an arcuate inner edge surface 144 and a pair 
of circumferentially-extending projections 146 or tangs. 

[0050] As previously mentioned, the stator segment core 120 is defined by a 
plurality of stator plates 126 that are stacked together. The stator plates 126 are die 
cut from thin sheets of magnetically conductive material. During the die cutting 

35 operation, a first pair of slits 150 are cut into the outer rim section 128 and a second 
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pair of slits 152 are cut into the pole section 130 and central portions between the slits 
150 and 152 are deformed. The slits 150 are transverse in alignment relative to the 
slits 152. After stacking the stator plates 126 that form the stator segment core 120, a 
press fit operation is completed to releasably interconnect the stator plates 126 and to 
5 define the stator segment core 1 20. 

[0051] The rotor 116 is shown to include a circular rim section 154 and a 
plurality of tooth-shaped pole sections 156 that project radially from the rim section 
154. A circular bore 158 is formed in the rotor 116 and includes keyways 160. A rotor 
shaft (not shown) is received by the circular bore 1 58 of the rotor 116. In the particular 

10 embodiment shown, the rotor 116 has eight equally-spaced rotor pole sections 156 
and the segmented stator 114 has twelve equally-spaced pole sections 130. Other 
rotor pole and stator pole combinations are also contemplated. In addition, each rotor 
pole section 156 has an arcuate outer edge surface 162 that defines an air gap 163 
with respect to the arcuate inner edge surface 144 on the pole sections 130 of the 

15 stator plates 126. 

[0052] The stator segment assembly 1 1 8 is shown fully assembled to include 
the stator segment core 120, the end cap assembly 122 and the winding wire 124. 
The end cap assembly 122 is preferably made from magnetically permeable material 
and includes a first end cap 164A, a second end cap 164B and a pair of elongated 

20 winding retainer sections 166. The first end cap 164A is located at one end of the 
stator segment core 120 and the second end cap 164B is located at the opposite end 
of the stator segment core 120. The winding retainer sections 166 interconnect the 
first and second end caps 164A and 164B and are located adjacent to the projections 
146 near the radially inner end of the pole sections 130 of the stator plates 126. 

25 Preferably, the end caps 164A and 164B are similar in configuration. Likewise, it is 
preferable that the retainer sections 166 are similar in configuration. Snap-in 
connections are contemplated for connecting the opposite ends of each retainer 
section 166 to the end caps 164A and 164B. Additionally, it is contemplated that 
adhesives are used for bonding the end caps 164A and 164B to the opposite ends of 

30 the stator segment core 120. The end caps 164A and 164B and the retainer sections 
1 66 can also be molded as an integral end cap assembly 1 22. Since the first end cap 
164A is similar to the second end cap 164B, the following description of the 
components will use reference numerals with an "A" suffix for the first end cap 164A 
and the reference numerals for similar components of the second end cap 164B will be 

35 identical with a "B" suffix. 
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[0053] Referring to FIG. 5B, tooth width W1 , projection width W2, and stator 
pole arc B s are shown. As a result of segmenting the stator, the designer of the 
switched reluctance electric machine has greater flexibility in designing the dimensions 
of the stator segment assemblies. The slot opening dimension between radially inner 
5 ends of the stator teeth restricts the projection width W2 when needle and transfer 
winding methods are employed. This restriction is eliminated when the segmented 
stator assemblies are employed because the stator teeth can be wound individually 
before being assembled into the stator. 

[0054] The tooth width W1 determines the magnetic flux density in the stator 

10 tooth and how much area is available for winding wire in the inter-polar stator slot. The 
designer of the switched reluctance electric machine can select the tooth width W1 so 
that it is sufficient to accommodate the maximum anticipated magnetic flux in the stator 
poles, but is not wider than necessary. By optimizing the tooth width W1 , the slot area 
is increased, which allows additional winding wire. By increasing the current carrying 

15 capacity of the windings without causing overheating, the torque density of the 
switched reluctance electric machine can be improved. The design of the stator plates 
also depends on other factors such as the type of steel that is selected, the axial length 
of the stator stack, the operating speed, the overall size of the motor, and the desired 
magnetic flux density in the stator teeth. 

20 [0055] Terminals 1 70 and 1 72 are shown in FIGs. 6, 7 and 9A to be mounted 

in slots 174 and 176 (FIG. 9C) formed in an end surface 178A of the first end cap 
164A. One end of the winding wire 124 is connected to the first terminal 170 while an 
opposite end of the winding wire 124 is connected to the second terminal 172. 
Insulating material 177 is shown to be positioned to cover winding wire 124 on both 

25 lateral sides of the stator segment core 120. The insulating material 177 is also 
positioned (but not shown) between the stator segment core 120 and the winding wire 
124. 

[0056] Referring to FIG. 8, a switched reluctance drive circuit 180 is shown 
connected via connecting wires 182, 184 and 186 to a printed circuit board 188. The 

30 printed circuit board 188 is generally circular and has a plurality of radially outwardly 
projecting terminal pads 190. Each terminal pad 190 has conductive terminal slots 192 
and 194 arranged to accept installation of the terminals 170 and 172 for each stator 
segment assembly 118. The drive circuit 180 operates to control energization of the 
winding wire 124 of the stator segment assemblies 118. In a preferred embodiment, 

35 the switched reluctance drive circuit 180 senses rotor position using sensorless 
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techniques that are disclosed in U.S. Patent Nos. 5,929,590 to Tang and 5,877,568 to 
Maes, et al., which are hereby incorporated by reference, or using any other 
conventional sensorless techniques. 

[0057] To more clearly illustrate the structure of the end cap assembly 122, 
5 FIG. 9A shows the stator segment assembly 118 prior to the winding wire 124 being 
wound thereon. The first end cap 164A includes an outer section 198A and an inner 
section 200A interconnected by a hub section 202A, al! defining a common face 
surface 204A. The face surface 204A abuts and is bonded to an axial end surface 206 
of the stator segment core 120. Similarly, the face surface 204B of second end cap 

10 164B abuts and is bonded to an end surface 208 of the stator segment core 120. 
When the first end cap 164A is secured to the stator segment core 120, its outer 
section 198A extends slightly radially inward with respect to the outer rim section 128 
and is parallel to the outer rim section 128. The hub section 202A is aligned with pole 
section 130 and the inner section 200A is aligned with and extends laterally beyond the 

15 inner edge surface 144 and the projections 146. A similar alignment is provided when 
the second end cap 164B is secured to the opposite end surface 208 of the stator 
segment core 120. Moreover, the width of hub sections 202A and 202B is less than or 
equal to the width of the pole sections 130 of the stator segment core 120. The 
opposite ends of the retainer sections 166 are connected to the face surfaces 204A 

20 and 204B of the end caps 1 64A and 1 64B, respectively, adjacent to their inner sections 
200A and 200B, As such, the end cap assembly 122 defines a continuous annular 
channel within which the winding wire 124 can be precisely installed and maintained. 

[0058] FIG. 9B shows the Inner section 200A of the first end cap 164A and 
the inner section 200B of the second end cap 164B to be rectangular in shape. It is 

25 contemplated, however, that other configurations (i.e. semi-circular, square, tapered, 
etc.) could be used. As a further option, the retainer sections 166 could be provided as 
a cantilevered section that is integrally formed with the end caps 164A and/or 164B 
and adapted for connection to the inner section of the opposite end cap. To reduce 
the weight of the end cap assembly 122, lateral axial grooves 210 and a central axial 

30 groove 212 can be formed on the outer section of the end caps 164A and 164B. 
Likewise, a cavity 214 can also be formed to provide additional weight reduction. 

[0059] Referring now to FIGs. 10A, 10B and 10C, an alternative cap 
assembly 222 is shown for connection to the stator segment core 120 and supporting 
the winding wire 124. Reference numerals from FIGs. 9A, 9B and 9C will be used 

35 where appropriate to identify similar elements. Specifically, the first end cap 224A is 
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generally similar to the first end cap 164A. The alternative end cap assembly 222 
includes an additional pair of retainer sections. An outer retainer section 226A extends 
axially from the common face surface 204A adjacent to the outer section 198A for 
connection to the outer section 198B of the second end cap 224B. An outer retainer 
5 section 226B likewise extends axially from its common face surface 204B for 
connection to common face surface 204A of first end cap 224A. The outer retainer 
sections 226A and 226B provide additional support for the end cap assembly 122. The 
outer retainer sections 226A and 226B have a tapered profile to mate with the profile of 
inner wall surfaces 230 (FIG. 5) of the outer rim section 128. 

10 [0060] As can be appreciated from the foregoing, the switched reluctance 

motor according to the invention has improved torque density. For a given washing 
machine, the size of the motor can be reduced for a given torque output to provide 
additional clearance. As a result, the size of the inner and outer tubs can be increased, 
which increases the capacity of the washing machine. The stator segment assemblies 

15 in the motor can be produced with a greater electrical uniformity and with lower 
variations in inductance and resistance. Sensorless rotor position sensing techniques 
can be employed more successfully, which dramatically lowers the manufacturing 
costs of the washing machine and improves reliability in the field. Because the 
manufacturing tolerances of the stator segments have been improved, less costly drive 

20 circuits can be employed and/or more accurate control can be achieved. In addition, 
the. end cap assemblies according to the invention prevent winding creep and further 
help improve uniformity of the stator segment assemblies during use. 

[0061] Those skilled in the art can now appreciate from the foregoing 
description that the broad teachings of the present invention can be implemented in a 

25 variety of forms. Therefore, while this invention has been described in connection 
with particular examples thereof, the true scope of the invention should not be so 
limited since other modifications will become apparent to the skilled practitioner upon 
a study of the drawings, the specification and the following claims. 
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CLAIMS 

What is Claimed is: 

1 . A washing machine comprising: 
5 a tub; and 

a switched reluctance motor that rotates said tub, wherein said 
switched reluctance motor includes a stator including a plurality of circumferentially- 
spaced stator segment assemblies that include a stator segment core and winding 
wire wound around said stator segment core, a rotor that defines a plurality of rotor 
10 poles, wherein said rotor tends to rotate relative to said stator to maximize the 
inductance of an energized winding, and a drive circuit that energizes said winding 
wire around said stator segment assemblies based on a rotational position of said 
rotor. 

2. The washing machine of claim 1 wherein said rotor is connected to a 
15 shaft that is connected to said tub, 

3. The washing machine of claim 1 further comprising a drive assembly 
that includes a spinner pulley connected to said tub, wherein said spinner pulley is 
engaged by a belt that is driven by a shaft, and wherein said shaft is connected to 
said rotor. 

20 4. The washing machine of claim 3 wherein said tub includes an outer 

tub and an inner tub that is mounted concentrically in said outer tub, wherein said 
spinner pulley is fixed for rotation with said inner tub. 

5. The washing machine of claim 1 wherein an axis of rotation of said tub 
is substantially horizontal. 
25 6 - The washing machine of claim 1 wherein an axis of rotation of said tub 

is substantially vertical. 

7. The washing machine of claim 1 wherein said stator segment care 
includes stator plates with a radially outer rim section and a tooth section that 
extends radially inwardly from a center portion of said radially outer rim section. 
30 8. The washing machine of claim 7 further comprising: 

an insulation layer located between said winding wire and said stator 

segment core. 

9. The washing machine of claim 7 further comprising: 

projections extending from opposite sides of a radially inner end of 
35 said tooth section. 
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1 0. The washing machine of claim 9 further comprising: 

first and second end caps connected to opposite axial ends of said 
stator segment core; and 

first and second end cap retainer sections that extend along said 
5 projections and that connect said first and second end caps, 

wherein said first and second end caps and said first and second end 
cap retainer sections reduce movement of said winding wire during use. 

1 1 . The washing machine of claim 7 wherein said stator plates of said 
stator segment core include radial and lateral slits and first and second central 

10 portions that are deformed and wherein said stator plates are press fit to hold said 
stator segment core together. 

12. The washing machine of claim 1 wherein said drive circuit senses 
rotor position using sensorless techniques. 

13. A washing machine comprising: 

15 a tub assembly including an inner tub that is mounted for rotation in an 

outer tub; 

a switched reluctance motor that rotates at least one of said inner and 
outer tubs; and 

a stator for said switched reluctance motor including a plurality of 
20 circumferentially-spaced stator segment assemblies that are arranged around an 
inner surface of a motor housing, each of said stators segment assemblies defining a 
salient stator pole that extends in a radially inward direction, wherein inter-polar 
stator slots are defined between adjacent stator segment assemblies, and said stator 
segment assemblies include a stator segment core and winding wire that is wound 
25 around said stator segment core. 

14. The washing machine of claim 13 wherein said switched reluctance 
motor includes a rotor that is connected to a shaft, wherein said shaft is connected to 
at least one of said inner and outer tubs. 

15. The washing machine of claim 13 wherein said switched reluctance 
30 motor includes a rotor that is connected to a drive assembly. 

16. The washing machine of claim 15 wherein said drive assembly 
includes a shaft, a belt, and a spinner pulley that is connected to said tub assembly, 
wherein said spinner pulley is engaged by said belt that is driven by said shaft, and 
wherein said shaft is connected to said rotor. 

35 17. The washing machine of claim 13 wherein an axis of rotation of said 



15 



WO 02/077352 



PCT/US02/09223 



tub assembly is substantially vertical. 

18. The washing machine of claim 13 wherein an axis of rotation of said 
tub assembly is substantially horizontal. 

19. The washing machine of claim 13 wherein said stator segment core 
5 includes stator plates with a radially outer rim section and a tooth section that 

extends radially inwardly from a center portion of said radially outer rim section. 

20. The washing machine of claim 1 9 further comprising: 

an insulation layer located between said winding wire and said stator 

segment core. 

10 21. The washing machine of claim 19 further comprising: 

projections extending from opposite sides of a radially inner end of 
said tooth section. 

22. The washing machine of claim 21 further comprising: 

first and second end caps connected to opposite axial ends of said 
15 stator segment core; and 

first and second end cap retainer sections that extend along said 
projections and that connect said first and second end caps, 

wherein said first and second end caps and said first and second axial 
end cap retainer sections reduce movement of said winding wire during use. 
20 23. The washing machine of claim 19 wherein said stator plates of said 

stator segment core include radial and lateral slits and first and second central 
portions that are deformed and wherein said stator plates are press fit to hold said 
stator segment core together. 

24. A washing machine comprising: 
25 a tub assembly including an inner tub that is mounted for rotation in an 

outer tub; 

a drive assembly that includes a shaft, a spinner pulley, and a belt that 
is wound around said spinner pulley and that is rotated by said shaft, wherein said 
spinner pulley is fixed for rotation with said inner tub; and- 

30 a switched reluctance motor including a motor housing, a rotor that is 

connected to said shaft and that rotates relative to said motor housing, and a stator 
that, is mounted on an inner surface of said motor housing, said stator including a 
plurality of circumferentially-spaced stator segment assemblies, wherein said stator 
segment assemblies include a stack of stator plates forming a stator segment core 

35 and winding wire that is wound around said stator segment core, wherein each of 
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said stator plates has a generally "T'-shaped cross-section, a radially outer rim 
section, and a tooth section that extends radially inwardly from a center portion of 
said radially outer rim section. 

25. The washing machine of claim 24 wherein an axis of rotation of said 
5 inner tub is substantially vertical. 

26. The washing machine of claim 24 wherein an axis of rotation of said 
inner tub is substantially horizontal. 

27. The washing machine of claim 24 further comprising: 

an insulation layer located between said winding wire and said stator 
10 segment cores. 

28. The washing machine of claim 24 further comprising: 

projections extending from opposite sides of a radially inner end of 
said tooth section. 

29. The washing machine of claim 28 further comprising: 

15 first and second end caps connected to opposite axial ends of said 

stator segment core; and 

first and second end cap retainer sections that extend along said 
projections and that connect said first and second end caps, 

wherein said first and second end caps and said first and second end 
20 cap retainer sections reduce movement of said winding wire during use. 

30. The washing machine of claim 24 wherein said stator plates of said 
stator segment core include radial and lateral slits and first and second central 
portions that are deformed and wherein said stator plates are press fit to hold said 
stator segment core together 

25 31 . The washing machine of claim 24 further comprising: 

a drive circuit connected to said winding wire of said stator segment 
assemblies, wherein said drive circuit senses rotor position using sensorless 
techniques. 
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